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type B complicated by transient ischemic attacks of
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Spinal cord injury is a rare complication in patients with aortic dissection. The extrinsic arterial supply to the spinal cord,
diminishing caudally, often becomes critically dependent on the great radicular artery (GRA) of Adamkiewicz at the
thoracolumbar spine. There are no prior reports of spinal injury or ischemia caused by chronic aortic dissection.We report
on a 51-year-old patient with chronic type B dissection of the aorta from below the subclavian takeoff through the iliac
arteries, presented with multiple episodes of transient (1 to 5 minutes) spinal ischemic attacks, entailing sudden loss of
motor and sensory functions in both legs, with collapse of the patient on the ground. GRA imaging acquired with
64-channel computed tomography angiography enabled aortic fenestration from T11 to L1, performed with supraceliac
aortic cross-clamping (T8 to L2) via thoracoabdominal access.We critically appraise the pertinent literature. ( J Vasc Surg
2006;44:186-93.)Autopsy data suggest that aortic dissection is the most
common cause of acute life-threatening aortic pathology,1
with an annual age- and sex-adjusted incidence of 3.5 per
100,000 (95% confidence interval [CI]: 2.4 to 4.6)1 and a
30-day mortality of up to 18%.2-4 Ischemic complications
may develop in patients with type B acute aortic dissection
involving any branch of the descending thoracic and ab-
dominal aorta.2-4 Spinal infarction or ischemia have been
reported as complication of acute aortic dissection due to
impairment of its extrinsic supply5-19 in the great radicular
artery (GRA) of Adamkiewicz (Fig 1).2,20,21
As awareness of the clinical significance of the extrinsic
spinal circulation gains momentum,22,23 minimally invasive
or noninvasive imaging methods are emerging.24,25 There
have been no reports to our knowledge on spinal ischemic
events caused by stable type B chronic aortic dissection.6-19
We report on a patient with type B chronic aortic dissection
who had experienced multiple episodes of spinal transient
ischemic attack (TIA). Selective views of the artery of
Adamkiewicz with 64-channel computed tomography
(CT) angiography enabled aortic fenestration, from T11 to
L1, performed with supraceliac aortic cross-clamping (T8
to L2) via thoracoabdominal access. A comprehensive re-
view of the pertinent literature is also presented.
CASE REPORT
A 51-year-old woman with a chronic type B aortic dissection
presented with a recent history of multiple episodes of cramping
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186and burning pain in the hips associated with a sudden loss of the
standing posture and collapse on the ground. A transient weakness
and loss of sensation in both legs was invariably present. The
episodes had occurred irregularly over the previous 3 months and
were preceded by some physical activity. Recovery was brief (5
minutes). More recently, she experienced diffuse burning ache in
her left leg. Medical history comprised controlled hypertension,
smoking (ceased recently), gastric surgery for peptic ulcer disease
(Roux-en-Y bypass), and total abdominal hysterectomy. She had
intermittent episodes of chest pain and fatigue but denied myocar-
dial infarction or cerebrovascular events.
Physical examination revealed a regular pulse in the absence of
cardiac murmurs and a full complement of supra- and infra-aortic
pulses without bruits or thrills. There was no evidence of an
abdominal aortic aneurysm. Focal weakness or sensory impairment
of the upper and lower extremities was ruled out. Reflexes were
normal. Cardiac evaluation including transthoracic echocardiogra-
phy (ejection fraction, 65% to 70%) stress electrocardiography, and
99mTc-sestamibi perfusion imaging was unremarkable for isch-
emia. Triphasic waveforms were present in the infrainguinal arterial
system and the resting pressure indices were 1.09 on the right and
1.07 on the left. There was no pressure differential between the left
and right arms (right, 108/60; left, 106/58). A treadmill exercise
challenge at 0.8 mph with 0% incline had to be aborted in 25
seconds as the patient developed severe leg weakness in the pres-
ence of peripheral pulses.
On magnetic resonance imaging (MRI), the spinal cord was
normal in signal and caliber throughout its extent; there was no
evidence of demyelinating disease. Spondylosis at L3-4 was noted
without nerve root compromise, associated with severe facet ar-
thropathy at L5-S1. A 64-channel CT angiography (Somatom
Sensation 64, Siemens Medical Solutions, Forchheim, Germany)
of the thoracic and abdominal aorta and iliac arteries was per-
formed with 140 mL of iodinated contrast material at 4 mL/s
(Omnipaque 350, Nycomed Imaging, Oslo, Norway). Optimized
imaging acquired in 27 seconds using a CARE bolus-tracking
program (Siemens), a tube rotation time of 0.37 seconds and a 64-
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aortic dissection from just below the left subclavian to the common
iliac arteries.
The intimal aortic dissection flap throughout the descending
thoracic and abdominal aorta had a midsagittal orientation, the
true lumen being to the patient’s right and the false lumen located
on the patient’s left (Fig 2, A).A left lumbar artery originating near
the posterior edge of the intimal aortic flap (L1 level) provided the
dominant contribution to the artery of Adamkiewicz. The inter-
costal arteries took off from the false lumen. A prominent left
lumbar artery, originating near the posterior edge of the intimal
aortic flap (L1), appeared pivotal to the artery of Adamkiewicz (Fig
2, B-D). The celiac and the right renal artery arose from the true
lumen (right aortic half), while the left renal, superior and inferior
mesenteric arteries were perfused from the false lumen (left aortic
half). Dissection stopped at the origin of the left common iliac
artery but continued through most of the right common iliac
artery. Multiplanar and volume-rendered three-dimensional
(coronal, sagittal, and oblique) images were acquired by post-
processing the archived sub-millimeter (0.6 mm) data.
In a multidisciplinary approach, including vascular surgery,
neurology, and radiology, the diagnosis of transient spinal isch-
emia caused by flow impairment was reached. In light of the
intercostal arteries and the left lumbar (converging to the Adamk-
iewicz artery) artery22,23,26-29 originating from the false lumen of
the dissected aorta, fenestration of the aortic intimal flap would
significantly improve the spinal inflow. The proximity of the left
lumbar artery to the posterior edge of the intimal flap raised a
suspicion of intermittent mechanical obstruction of the artery
orifice by intimal flailing, thus making the case for a targeted and
optimally placed open aortic fenestration to decrease the pressure
difference between the false lumen and true lumen by eliminating
the flailing of the intimal flap.
Under general endotracheal intubation and spinal cord drain-
Fig 1. Vascular suage, access to the supraceliac aorta from T8 to L2 was gained via athoracoabdominal incision placed at the eighth intercostal space,
with dissection of the diaphragm crura. Aortic cross-clamping for
13 minutes at the T9 and L2 levels, including the celiac and
superior mesenteric arteries encircled with vessel loops, enabled a
5-cm longitudinal aortotomy and access to the aortic intimal flap at
the left lumbar artery orifice territory. The true lumen was entered.
A 3-cm long segment of the thick intimal flap was excised to its
posterior edge, thereby creating a single aortic lumen at levels T11
to L1, encompassing the left lumbar artery orifice (L1) territory.
Uncompromised back bleeding from the intercostal arteries was
noted. Inflow to the celiac and superior mesenteric arteries origi-
nating near the anterior edge of the aortic flap was also secured.
The aortotomy was sutured closed with running a 3-0 Prolene
suture (Ethicon, Summerville, NJ), aided by two strips of cotton
felt, each superimposed on either aortic edge (Fig 3, A-D).
The patient was extubated on postoperative day 1, and the
spinal drain was removed within 24 hours of surgery. She was
neurologically intact, with a serum creatinine concentration of 1.1
mg/dL. After an uneventful early recovery, she was discharged on
postoperative day 5. Hypertension was controlled with diuretics
and -blockade, consistent with her preoperative medication. At
the 6-month follow-up, with full ambulation and physical activity
she has remained free of transient spinal ischemia.
DISCUSSION
A literature review (Table I) revealed only 25 cases of
spinal ischemia in patients with aortic dissection, all in an
acute setting. Rosen9 reported a 67-year-old woman with
transient paraplegia as the initial manifestation of an acute
aortic dissection in the absence of thoracic or abdominal
pain. MRI revealed a type A aortic dissection from the
aortic root through the arch and descending aorta. On
abdominal ultrasound, an intimal flap at the region of the
to the spinal cord.GRA was noted. Tanaka et al10 described the onset of acute
l aorti
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sudden transient paraplegia, severe back pain, and hyper-
tension. Complete transverse myelopathy was noted at T9
level on CT scanning. Recovery was gained with conserva-
tive treatment. Acute thoracoabdominal aortic dissection
presenting with sudden onset of bilateral lower extremity
numbness was reported by Joo et al15 in a 63-year-old
woman. Aortic dissection extended from the descending
thoracic aorta to the renal arteries on MRI and CT scan-
ning. There was no associated back pain. Conservative
management with control of hypertension achieved full
Table I. Reported cases of spinal ischemia in patients with
Author Date
Patient/
Age
AD type or
TAAA Presen
Weisman
et al5
1944 68 F A Pulselessness, c
flaccid parap
Waltimo
et.al6
1980 52 M A Paraplegia, acu
failure
46 M B Chest pain, pa
56 M B Chest and back
Gerber
et al7
1986 63 F A Hemiplegia (L
69 F A LOC, Hemiple
78 M TAAA I 
AD
Leg weakness,
Zull
et al8
1988 63 F A Chest pain, pa
both
67 M A
Rosen9 1988 67 F A Paraplegia 
Tanaka
et al10
1990 66 M B Hypertension,
paraplegia
Holloway
et al11
1993 92 F A Complete tran
myelopathy,
Spittell
et al12
1993 2 patients B Paraplegia
Lacerda
et al13
1998 67 F B Paraplegia, mo
upper extrem
Elefteriades
et al14
1999 5/100 B Paraplegia/par
Joo et al15 2000 63 F B Paraplegia
Inamasu
et al16
2000 50 M A Paraparesis
Blacker
et al17
2003 66 F B Paraplegia
Ohmi
et al18
2003 55 M B Paraplegia
39 M Aortic
intramural
hematoma
Ogun
et al19
2004 45 M B Paraparesis
Present
report
2006 51 F Chronic A Paraparesis
AD, Aortic dissection;MI,myocardial infarction; TAAA, thoracoabdomina
tomographic angiography; MRI, magnetic resonance imaging; LOC, loss orecovery.In contrast to these reports, our patient had a known
history of chronic aortoiliac type B aortic dissection but oth-
erwise enjoyed an active lifestyle before the onset of transient
spinal ischemia. The onset of her symptoms could not be
attributable to a further extension of dissection caudally.
However, a radial extension of the aortic dissection posteriorly
might have compromised the inflow to the extrinsic circula-
tion of the spinal cord, particularly at the thoracolumbar
segment, which is most susceptible to ischemia.20,21,26-30 Our
patient’s antihypertensivemedication, comprising-blockade
and a diuretic, had not been altered nor had she experienced a
ic dissection
Imaging/
diagnosis Treatment Outcome
sis, Chest fluoroscopy,
Postmortem
Medical
(palliation)
Death
art Angiography Medical Death (MI)
sis Medical Recovery
Surgical Paraplegia
Angiography Medical Death
Lt) Death
mia (Lt) AK
amputation
ia in Autopsy Medical Death (cardiac
tamponade)
Ultrasound, MRI Medical,
refused
intervention
Death
ient CTA Medical
legia
MRA Medical Death
N/A N/A N/A
gia CT Medical Death (cardiac
tamponade)
sis CTA, MRI,
angiography,
echocardiogram
Not
determined
MRI, CT Medical Recovery
MRI Medical
MRI Medical and
CSF
drainage,
stent graft
repair
Recovery
MRI Medical Paraplegia
Medical Recovery
Chest x-ray,
clinical diagnosis
Medical Death
(rupture)
CTA Open aortic
fenestration
Recovery
c aneurysm; AK, above knee; CT, computed tomography; CTA, computed
ciousness; CSF, cerebrospinal fluid.aort
tation
yano
legia
te he
rapare
pain
t)
gia (
ische
rapleg
trans
sverse
parap
nople
ity
aparecardiac event.
ft L1
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reached in a multidisciplinary approach that included
comprehensive imaging and neurologic assessment. CT
angiography revealed that the posterior edge of the
intimal flap was very close to the prominent left lumbar
artery (L1) and the intercostals converging to the GRA,
all originating from the false lumen of dissected aorta. In
the lack of convexity of the dissecting flap, a pressure
balance was assumed between the two patent lumens.
Comprehensive imaging thus raised the suspicion of
dynamic GRA inflow impairment caused perhaps by
flailing of the intimal flap that was enhanced during
physical activity. The location of posterior edge of flap
near the orifice of vessels converging to the GRA and the
Fig 2. A, Computed tomography angiogram (CTA)
aortic dissection with an intimal flap (arrow) extending
descending thoracic aorta. B, Volume-rendered CTA
(arrows).C, CTA axial CT image at the level of the mid a
along the posterior margin of the intimal dissection. *De
maximum intensity projection coronal CTA depicts the cl
the artery of Adamkiewicz (arrows) at the level of the leotherwise uneventful condition of our patient were piv-otal to our choice to perform an open aortic fenestration
with the aim to eliminate the flap in the vicinity of these
vessels and improve GRA inflow.
The thoracolumbar portion of the spinal cord is
typically provided by a single radiculomedullary artery,
the artery of Adamkiewicz or GRA.16,22,25-27,31-37
Among 419 cases studied with spinal cord arteriography,
Kieffer et al27 reported that the GRA originated from an
intercostal or lumbar artery in 323 (86.2%) from the left
side and from the right in 96 (13.8%). In 325 (77.6%)
patients, the artery of Adamkiewicz originated between
levels T9 and L1.27
GRA flow becomes critical when several radicu-
lomedullary arteries in adjacent spinal territories at the
e-rendered sagittal reconstruction depicting a type B
the left subclavian artery (arrowhead) into the proximal
ts the origins of the lower thoracic intercostal arteries
inal aorta with the left L1 lumbar artery (arrow) arising
the true lumen of the abdominal aorta.D, Thin section
“hairpin” curve of the anterior spinal artery junction with
lumbar artery (L1).volum
from
depic
bdom
notes
assiclower thoracic and lumbar spine are obliterated by
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section,16,31,32 as in the patient in our report. This is
accentuated by the presence of aberrations in the intrin-
sic arterial system of the cord, such as developmental
stenoses or segmental obliterations of the anterior spinal
artery, which may result in an inadequate collateraliza-
tion of arterial flow between adjacent and critically isch-
emic spinal segments.16,31,32 The importance of the
GRA was noted by Crawford et al,38 who acknowledged
the future need for preoperative imaging of the GRA and
other radiculomedullary arteries requiring reimplanta-
tion in thoracoabdominal aortic surgery.
By enabling selective reimplantation of the related
aortic branches, preoperative GRA imaging may prevent
spinal cord injury in thoracoabdominal aortic recon-
struction. The use of adjuncts (ie, cerebrospinal fluid
drain) is clinically beneficial,39,40 yet complications from
inadvertent spinal injury still occur in a significant pro-
portion of patients.36 Angiography for the detection of
GRA in 151 patients undergoing thoracoabdominal aor-
tic repair by Williams et al31 revealed that the likelihood
Fig 3. A, Longitudinal aortotomy with flap exposed. B
Felt strip closure.of spinal injury was lower when the GRA could beidentified (4.6% [3/65] vs 9.6%). Similarly, Takase et
al37 found that preoperative GRA imaging with multide-
tector CT was effective in preventing spinal cord injuries
in a series of 70 patients who had thoracoabdominal
aortic surgery. Favorable clinical outcomes have also
been presented by Kieffer,27 Yamada,22 and Heinemann
et al.32 However, in the absence of level 1 and 2 evi-
dence and after multiple reports by different investiga-
tors,22,31-37 the value of GRA imaging in this setting
remains controversial.36
Flow impairment to the GRA is caused by extension
of aortic dissection into the vessels determining GRA
inflow and aortic intimal disruption or false aortic lumen
thrombosis at the origin of these vessels.28,30 Spinal cord
injury is predominately ischemic in nature, accentuated
by reperfusion injury.10,30
GRA detection has advanced in the past 5 years with
recent updates of CT and MRI (Table II). Multichannel
CT scanners using a periodic motion of the focal spot in
longitudinal direction (Z-flying focal spot) to double the
excised at T11-L1. C, Felt strips reinforcing closure.D,, Flapnumber of simultaneously acquired slices (64 overlapping
pothe
JOURNAL OF VASCULAR SURGERY
Volume 44, Number 1 Altuwaijri et al 1910.6-mm slices per rotation)26 may further our understand-
ing of the clinical role of GRA detection.
Open fenestration for aortic dissection has been used
effectively in patients with end-organ critical isch-
emia.14,41-43 Panneton et al41 appraised its efficacy in
patients with leg, renal, and bowel ischemia due to acute
(n  7) or chronic (n  7) aortic dissection and aneu-
rysm disease. Fenestration was successful at restoring
flow in all 10 patients with malperfusion and was a safe
procedure when electively performed. Among 100 con-
secutive patients with acute dissection of the descending
aorta Elefteriades et al14 performed aortic intimal fenes-
trations in six patients, with no operative mortality.
Fenestration predictably and consistently restored perfu-
sion to the ischemic organ whether above or below the
level of fenestration. Percutaneous balloon fenestration,
with or without stenting, is an effective alternative. In a
series of 40 patients undergoing such treatment for acute
aortic dissection, Slonim et al42 reported successful re-
vascularization in 37 (93%). The procedure related com-
plications (9/40, 3 major) and the 30-day mortality rate
(10/40) because of multiorgan failure, rupture of the
false aortic lumen, and heart failure were substantial,
however, indicating that endovascular therapy remains a
challenging undertaking in complicated aortic dissec-
tion.
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